than six specific locations along the beak. Indeed, Treiber and colleagues' laborious quantification shows that the occurrence of the iron-mineral-containing structures is highly variable between individual birds 6 . By contrast, Fleissner and colleagues' claim 3, 8 of six specific locations is not supported by quantitative data. This lack of consistent distribution makes it highly unlikely that the iron-rich cells are part of a magnetic sensory system.
The most defining difference between macro phages and dendrites is that macrophages have a nucleus and dendrites do not. Treiber and colleagues' data and original slides convincingly show that the ironcontaining structures are nucleated and that there is no regular co-localization between Prussian-blue staining and nerve fibres. The structures, therefore, cannot be located in dendrites. Furthermore, the authors report 6 95-99% co-localization of staining with Prussian blue and a macrophage marker, strongly indicating that most, but maybe not all, of the described structures are macrophages.
In conclusion, I find that serious doubt has been raised about the original proposals 3, 8, 11 F R A N Z K R E U P L E very time you turn on your computer to browse the Internet or write a presentation, billions of tiny switches called transistors orchestrate a dance of electrons in the computer's processor that is tuned to the rhythm of the underlying software. By letting electric current flow or not, the transistors, which are made of silicon, create the states (the 'zeros' and 'ones') on which our Boolean computer world is currently based. Writing in Nano Letters, Franklin et al.
1 describe how they have created a transistor based on carbon that promises to outperform its silicon counterparts in future electronic circuitry.
The improvement in the look and feel of computers over the past decades -as they turned from clunky, nerdy objects into stylish high-tech gadgets -is partly due to the fact that silicon transistors have shrunk in size from tens of micrometres to about 20-30 nano metres. However, further scaling down of this technology is becoming more and more challenging. That is why researchers have been looking for a successor to silicon transistors that would allow further miniaturization -hitherto with limited success.
Franklin and colleagues' study represents progress on this front. The authors show that single-walled carbon nanotubes (SWCNTs) -semiconductors that have been under close scrutiny for more than a decade -can operate as excellent switches at molecular dimensions of only 9 nm (Fig. 1 ). This is less than half the size of the leading silicon technology. And the authors' transistor delivers more current and requires less operating power than do siliconbased competitors of equivalent size. This is the first experiment to clearly demonstrate that silicon could be replaced with carbon material in future semiconductor technology.
To operate in the same way as the usual, larger silicon transistors, SWCNT transistors must show what is known as 'current saturation' at low applied voltage. This means that the devices' output current should hardly be affected if the applied voltage is varied. Exactly this behaviour
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Carbon nanotubes finally deliver
A carbon-nanotube transistor has been made that performs better than the best conventional silicon analogues. The result propels these devices to the forefront of future microchip technologies.
and that the burden of proof now lies with Fleissner and colleagues, if they still think that their structures are potential magnetic sensors. However, it is important to stress that Treiber and colleagues' results cannot exclude the possibility that there are iron-mineral-based sensors somewhere in the upper-beak region of pigeons. Only relatively few sensors may be needed. In fact, a magnetite-based sensory cell might contain only a few magnetite crystals 12 and thus evade detection by Prussian-blue staining 12 , the method used by both groups. Early attempts 3 to look at the scalability of SWCNT transistors revealed that an 18-nmlong SWCNT device showed no current saturation -the current output was simply proportional to the applied voltage. But it was unclear whether this was an inherent feature of ballistic electron transport (in which no electrons are scattered) or due to the electrostatic design of the device 4 . Franklin et al. 1, 5 investigated this issue in more detail, and improved the current-saturation effect by employing a better electrostatic design than that used previously.
In an earlier paper 5 , the authors were able to demonstrate that the use of a 10-nm-thick insulating layer of hafnium oxide, in place of the layer of silicon oxide used in the 18-nm SWCNT device, gives a much stronger electro static coupling between the device's gate electrode and the SWCNT, and enables a 20-nm-long SWCNT transistor to be created that has good current-saturation behaviour. However, a 15-nm-long SWCNT device, which was fabricated in the same batch of transistors, did not show this promising signal 5 because the electrostatic coupling was apparently weakened by the shorter distance between the device's source and drain electrodes.
The transistor that Franklin et al. now report is based on an electrostatic design involving a 9-nm-long channel made of a SWCNT and a hafnium oxide insulating layer that is only 3 nm thick. The reduced thickness of the insulating layer produced much stronger when the channel was open. And it may be possible to suppress the current even further by deploying a better electrostatic design than that used by the authors. Although carbon nanotubes were predicted a decade ago to be the way forward for microelectronics, direct experimental proof that they can be used to make transistors at molecular scales was missing until now.
Franklin and colleagues' transistor is good news, because power consumption has an everincreasing role in electronics, and the device's ability to operate at small supply voltages should mitigate the demand in energy electrostatic coupling between the short SWCNT channel and the gate electrode than is achieved with a thicker oxide. What's more, the authors show that the strong electrostatic coupling enables the device to fulfil another requirement of an electronic switch: it can 'turn off ' the current to values that are low enough for applications.
Although transistors operate as switches, they can never turn the current off completely. The question is, how much can the current be reduced? In Franklin and colleagues' transistor, the off-current was 10,000 times smaller than consumption in future microchips. However, the road to a real application is bumpy and beset with challenges. Some of these challenges, such as the reliability and variability of the transistors, could be solved by sophisticated engineering methods. But others, including the creation of pure batches of semiconducting nanotubes, are of a more fundamental nature. SWCNTs can exist in 'flavours' , each of which displays different electronic properties. If billions of SWCNTs are needed on a chip, they must all have the same flavour, which is currently difficult to attain.
Nonetheless, if the progress 6,7 made in the field of nanotubes during the past decade is anything to go by, the prospects for solving these fundamental problems look good. Franklin 
